(19) 



J 



Europgisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 1 263 068 A1 
EUROPEAN PATENT APPLICATION 



f43^ Oat A nf ni ihlinatirtn* 


(51) intci7: H01 M 8/02, H01M 8/24 


vH, I DUiiexin ^uu^*!? 


(21) Application number: 02253240.2 




\^^) Uai6 or TllinQ. U9.U5.2u02 




(84) Designated Contracting States: 


• Alsip, David C. 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Henry County, Tennessee 38242 (US) 


MC NL PT SE TR 


• Darke, Joe B. 


Designated Extension States: 


Stewart County, Tennessee 37058 (US) 


AL LT LV MK RO SI 


• Kummerow, Jack A. C. 




Henry County, Tennessee 38242 (US) 


(30) Priority: 15.05.2001 US 858165 




(71) Applicant: DANA CORPORATION 


(74) Representative: 


Cheyne, John Robert Alexander Mackenzie et at 


Toledo, OH 43697 (US) 


Haseltine Lake & Co., 




Imperial House, 


(72) Inventors: 


15-19 Kingsway 


♦ Cummins, Dale T. 


London WC2B 6UD (GB) 


Henry County, Tennessee 38242 (US) 





(54) Fuel cell plates with injection-molded seals 



(57) A fuel cell unit (1 0) incorporates a pair ol anode 
and cathode plates (12,14). Seals employed between 
respective pairs of plates (12,14) are in the nature of 
resilient beads (18,20) arranged about selected areas 
of the plates to confine paths for fluids adapted to flow 
within said selected areas. A combination sealing and 
bonding method for manufacturing such fuel cell units 
involves the injection of a rapidly curable liquid silicone 
into aligned mold gating apertures (48,50) of the respec- 
tive pairs of the plates, whereby liquid silicone flows 
through and between the plates to a) seal between re- 
spective anode and cathode plates pairs and to b) form 
an insulation layer (16) on the backside of the anode 
(12). 
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Description 

BACKGROUND OF THE INVENTION 
Field of Invention 

[0001 ] The present invention relates to improved fuel 
cell assemblies for generating electric power, and more 
particularly to a method for providing combined sealing 
media between individual fuel cell plates and Insulation 
between fuel cell units, all in a single process. 

Description of the Prior Art 

[0002J it IS known to appty resilient sealing beads to 
and between the (aces of fuel cell plates tor controlling 
fluid flows between pluralities of such plates, stacked in 
pairs and boiled together for generating electric power 
In a typical fuel cell slack aaangemenl, the pluralities of 
such plates are sandwiched together in a parallel, face- 
to-face pattern. The plates are held spaced apart by re- 
silient sealing beads typically adhesively bonded to the 
face of at least one of any two adjoining plates. The seal- 
ing beads fit within grooves on the faces of the plates, 
and define paths or channels for fluids to flow between 
the plates. Nomnally. thefluids include not only fluid elec- 
trolytes used for generation of energy, but also coolants 
as will be appreciated by those skilled in the art. 
[0003] The coll plates employed in the usual fuel cell 
are normally formed of plastic composites that include 
graphite. The sealing beads are fonned of an eiastomer- 
ic material. The beads are normally adhesively applied 
to the plates by a bonding agent, although in some cas- 
es the beads are simply held in place by pressure of 
compression created by bolted connections between 
plates. Each fuel cell unit is comprised of a cathode and 
an anode plate. Between each cathode and anode plate 
of each cell flows a coolant material of either a glycol- 
based anti-f reeze or detonized water. Between each cell 
unit flows two chemically reactive elements, hydrogen 
and oxygen, separated by a catalytic membrane. The 
hydrogen and oxygen elements react at the membrane 
to form water vapor in a type of reverse electrolysis. 
[0004] The nature of the chemical reaction, along with 
a need tor separation of the coolant from the reacting 
elements, occasionally requires that extreme or costly 
measures be taken to avoid leakage through or between 
the plates. Thus, an improved mechanism is needed to 
assure against leakage between adjacent fuel cell 
plates, one that is highly reliable, particularly in mass 
production manufacturing environments. 

SUMMARY OF THE INVENTION 

[0005] A fuel celt apparatus includes a plurality of in- 
dividual fuel cell units, each including at least two facing, 
parallel plates, mated together. A resilient sealing me- 
dia, preferably fonned of an elastomeric material, is em- 



ployed to seal the plates together The sealing media 
may be applied in the form of a curable fluid sealing ma- 
teriaL which after being cured in place, is adapted to fa- 
cilitate control of fluid flows, such as coolants between 
5 the plates, and of electrolyte flows between fuel cells. 
Upon completion of manufacture, a plurality of such par- 
allel stacked plates that incorporate the present inven- 
tion are separated by a plurality of discrete resilient seal- 
ing beads disposed over selective portions of the sur- 
^0 faces of the two facing plates. 

[0006] Specifically, the invention involves the manu- 
facture of fuel cell units, each unit defined by a pair of 
plates comprising an anode and a cathode plate, in 
which the cathode plate and the anode plate are seal- 
ingly bonded together Pluralities of such fuel cell units 
are stacked and secured together to fomri commercially 
available composite fuel cell structures utilized to gen- 
erate electric power, either domestically (i.e. for home 
use) or for use in vehicles. 

[0007] The invention offers a combination sealing and 
insulation procedure in which pairs of such fuel cell 
plates may be manufactured in a simple and efficient 
manner The method employed involves the injection of 
a rapidly curable liquid silicone into an aligned mold ap- 
erture of one of the mated plates, whereby liquid silicone 
may flow via the apertures through the other plate, as 
well as between the plates in order to establish a seal 
between cathode and anode plates. Moreover, the liquid 
silicone is injected into aligned mold gating apertures of 
the cathode and anode plates, flows entirely through 
both plates, and forms an Insulation layer on the back- 
side of the bottom plate. In the preferred embodiment 
described herein, the bottom plate is the anode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] 

Figure 1 is an exploded view of a fuel cell unit of the 
type described in the present invention, including 
anode and cathode plates along with seals adapted 
for interposition between plates within grooves on 
the plate faces, and including an insulation layer on 
the backside of the anode. 

Figure 2 is a fragmentary cross-sectional view of an 
assembled molded and sealed fuel cell unit of Fig- 
ure 1 , taken through a corner of an assembled rec- 
tangular unit constructed in accordance with the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0009] Refemng to Figur s 1 and 2, a fuel cell unit 10 
is shown, which includes and an anode plate 12 and a 
cathode plate 14. Stacks of such fuel c II units 10 are 
assembled together to provide composite fuel cell struc- 
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tures (not shown) to generate electric power In such a 
stack, an insulation layer 1 6 is interposed between each 
fuel cell unit 10. 

[0010] Elastonneric sealing beads 18, 20 are inter- 
posed between each fuel cell unit 10, as well as between 
each plate 12,14. Although the beads 1 8, 20 are shown 
separately in the exploded depiction of Figure 1 , this in- 
vention provides a means by which the beads will be 
iniogrally connected in one single, contiguous nnass of 
material as will be explained herein. In preferred fornn, 
tho layer 16 is thicker than the beads 18, 20. 
[001 1 ] Each of the sealing beads 1 8, 20 is accommo- 
dated by respective grooves 22 in the cathode plate 1 4, 
and grooves 23 in the anode plate 1 2. The sealing beads 
18. 20 are contiguous so as to define interior perimeters 
32 and 34, respectively, adapted to accommodate either 
a coolant or a fuel component. Thus, fuel apertures 24 
accommodate the admission and flow of liquid hydrogen 
into the plale reaction area 38 of the anode 1 2. Referring 
specifically to Figure 2, the anode includes grooves 46 
for this purpose. Conversely, the cathode 14 includes a 
series of grooves 44 which provide a reaction media for 
oxygen, which is admitted into the area 38 via fuel ap- 
ertures 25. 

[0012] Within the respective plates 12 and 14,thefuel 
apertures are shown as 25A and 25B, and 24A and 24B. 
respectively, as shown. In the structures of the unitar/ 
sealing beads 18 and 20, fuel apertures for hydrogen 
are shown as fully circumferential apertures 26A and 
26B, while fuel apertures for oxygen are depicted as fully 
circumferential apertures 28A and 28B. It will be noted 
that the respective oxygen and hydrogen apertures ac- 
commodate a cross flow over the plate reaction area 38, 
to the extent that the apertures are diametricalty op- 
posed from each other within the rectangular plates 14 
and 12. 

[001 3] It will be appreciated by those skilled in the art 
that chemical reactions in the nature of a reverse elec- 
trolysis lakes place within a fuel cell. The reactions are 
created by the contact between the fuel components of 
oxygen and hydrogen, and enhanced by a catalytic 
membrane (not shown) positioned between adjacent 
stacked fuel cell units 10. Thus, such reactions take 
place only between the fuel cell units 1 0. Referring now 
particularly to Figure 2. spaced areas between each of 
the mating, parallel faces 13 and 15 of each of the pairs 
of anodes 12 and cathodes 14, respectively, are defined 
by inter-plate coolant grooves 42. Primary fuel cell cool- 
ing thus takes place between each of the mated plates 
12 and 14 of each fuel cell unit 10. 
[0014] Referring now particularly to Figure 1 , coolant 
ports 36 admit dcionizcd water into the coolant grooves 
42 between the plates 12 and 14. The ports 36 are 
shown respectively as 36A and 36B in the plates 1 4 and 
12, and as 36C in the mated insulation layer 16. In the 
preferred embodiment detailed herein, the coolant ports 
are an-anged to be medially located within the plates and 
across from each other for optimal benefit, as those 



skilled in the art will fully appreciate. For this purpose, it 
will be noted that the sealing beads 18 and 20 contain 
portions 30A and 308 designed as semi-circles to pro- 
mote flows of coolant within th ir contiguous interior pe- 

5 rimeter boundaries 32 and 34, respectively. 

[0015] A method of manufacturing the fuel cell unit 10 
of the present invention can be described as follows. Re- 
ferring specifically to Figure 2, it wilt be noted that the 
respective sealing beads 18 and 20, as well as the in- 

10 sulation layer 1 6, are all fomned as a unitary, contiguous 
mass of materia! 40. This approach avoids the need to 
form separate insulation and sealing bead parts of Fig- 
ure 1 , and thus reduces costs of manufacture. As eartier 
noted, the beads and Insulation layer are preferably 

75 formed of an elastomeric material. For this purpose, a 
liquid silicone material may be injected under pressure 
through aligned gating apertures 48 and 50, which pass 
respectively through the anode 12 and the cathode 14, 
as shown in Figure 2. 

^0 [0016] A preferred range of manufacturing pressure 
is 300 to 700 pounds per square inch at a temperature 
in the range of 300 to 400 degrees Fahrenheit. The re- 
spective anode and cathode plates are placed on the 
floor of a mold (not shown) with the anode positioned 

-^5 face down, but spaced from, said floor. Liquid silicone 
is then forced through the gating apertures, 48 and 50, 
initially through the cathode, at the noted pressures 
which are sufficient to force the sealing media through 
and between the plates, and including the space be- 

30 tween the bottom plate (anode) and the bottom or floor 
of the mold. The liquid silicone material, at the relatively 
high temperatures noted, will cure within a span of ap- 
proximately two minutes. 

[0017] It is to be understood that the above descrip- 
35 tion is intended to be illustrative and not limiting. Many 
embodiments will be apparent to those of skill in the art 
upon reading the above description. Therefore, the 
scope of the invention should be determined, not with 
reference to the above description, but instead with ref- 
40 erence to the appended claims, along with the full scope 
of equivalents to which such claims are entitled. 



Claims 

1. An electrolytic fuel cell unit comprising two plates 
aligned in spaced, parallel facing proximity with one 
another, each of said plates including at least one 
aperture adapted for mating alignment with the oth- 
er, wherein each said aperture of one plate is in 
alignment with said at least said one aperture of the 
other plate; a first resilient sealing media disposed 
over portions of each of the surfaces of said plates, 
said media extending through and from said aper- 
tures, said media adapted to comprise areas of sep- 
aration of coolant fluid flows between said plates, 
and wherein each of said areas of separation com- 
prises a sealed channel between said plates; a sec- 
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ond resilient media disposed about a non-facing 
side of one of said plates, said second resilient me- 
dia having a thickness greater than the thickness of 
said first sealing media, wherein all of said media 
collectively comprises a unitary, contiguous mass 
of materia! passing through said apertures and ex- 
tending between said plates. 

2. The electrolytic fuel cell unit of claim 1 wherein one 
of said plates comprises a cathode, and the other 
comprises an anode. 

3. The electrolytic fuel cell unit of claim 2 wherein both 
of said resilient sealing media is formed of a liquid 
silicone material. 

4. The electrolytic fuel cell unit of claim 3 wherein said 
apertures comprise gating apertures for accommo- 
dating flow of liquid sealing media into and between 
said plates during the manufacture of said unit. 

5. The electrolytic fuel cell unit of claim 4 wherein said 
liquid silicone material is forced under pressure into 
said gating apertures to form both said first and sec- 
ond sealing media, and wherein said second seal- 
ing media comprises an insulation layer 

6. A method of making an electrolytic fuel cell unit 
comprising the steps of: 

a) providing a pair of fuel cell plates aligned in 
spaced, parallel facing proximity with one an- 
other, each having gating apertures adapted for 
mating alignment with the other; 

b) placing said plates together in said alignment 
onto the floor of a mold with a space between 
bottom plate and said floor; 

c) forcing liquid sealing media into said gating 
apertures under pressure, wherein said media 
flows through and between said plates, and in- 
cluding said space between the bottom plate 
and the floor of the mold; 

d) pemnitting said media to cure; and 

e) removing said fuel cell plates with said cured 
media from the mold. 

7. The method of claim 6 wherein one of said plates 
comprises a cathode, and the other comprises an 
anode. 

8. The method of claim 7 wherein said sealing media 
comprises silicone material which becomes resil- 
ient upon said cure. 



9. The method of claim 8 wherein said mold pressure 
is in a range of 300-700 pounds per square inch at 
a temperature range of 300 to 400 degrees Fahr- 
enheit. 

5 

10. The method of claim 9 wherein each of said plates 
further comprise a second set of aligned apertures 
spaced from said gating apertures, said second set 
of apertures adapted for conveyance of electrolytic 

10 fluids and a coolant. 
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